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Description 

This invention relates to cardiac pacemakers, and 
more particularly to pacemakers which combine sensor 
based, rate determining algorithms with atrial synchro- 
nized pacing in dual chamber rate responsive modes of 
physiologic pacing. 

The commonly assigned U.S. Patent No. 4,932.406 
sets forth the prior art of single and dual chamber pac- 
ing and physiologic sensor based rate responsive pac- 
ing. Dual chamber ODD physiologic pacemakers 
following the teachings of U.S. patent No. 4.312,355 to 
Funke may be characterized as possessing a number of 
different pacing modes which are switched in or out in 
the presence or absence of atrial and ventricular events. 
Such DDD pacemakers are constantly updating their 
functional modes at the end of programmed escape 
intervals or upon earlier occurring atrial and ventricular 
events. However, DDD pacemakers do not switch 
modes in the sense that that expression has been 
defined in the art. 

"Mode switching" connotes a semi-permanent 
mode change driven by sensed heart activity events 
and/or sensor derived events occurring in a first rela- 
tionship wherein the device dictates that it remain in the 
mode it is changed to until those or other events satisfy 
a second defined relationship Individual "modes" define 
sets of rules for the operating states of the machine. In 
the pacing context, the rules define the pacing and 
sensing operating conditions from instant to instant irre- 
spective of higher level monitoring of cardiac and phys- 
iologic signals which are used to initiate switching 
between modes, depending on a further set of mode 
switching rules. These "modes" include the major or 
principal operating modes and transition modes as 
described hereinafter. 

For example, one of the earliest mode switching 
devices is illustrated by pacemakers exhibiting hystere- 
sis and particularly pacemakers of the type described in 
U.S. Patent Nos. 4.363,325 to Roline et al and 
3,999,557 to Citron. In the '325 patent, a pacemaker 
capable of operating in the atrial synchronous ventricu- 
lar inhibited (VDD) mode automatically switches to the 
Wl mode at a preset atrial sense driven upper rate. The 
mode is switched back to VDD at a detected lower atrial 
sense driven lower rate. In the '557 patent, a Wl pace- 
maker remains "off" until a bout of extreme bradycardia 
(a heart rate less than 30 bpm) is detected, whereupon 
the Wi pacemaker switches "on" (at a lower rate of 70 
bpm, for example). Thereafter the pacemaker remains 
in the Wl mode. 

Contemporaneously with the introduction of dual 
chamber pacing, particularly DDD pacing, single cham- 
ber and subsequently dual chamber rate responsive 
pacemakers were developed as described in the afore- 
mentioned application. With the introduction and incor- 
poration of physiologic sensors into single and dual 
chamber pacemakers, a four letter code denoting the 
principal modes of operation of pacemakers with and 



without physiologic sensors and rate adaptive pacing 
capabilities was published in "The NASPE/BPEG Pace- 
maker Code" by the A. Berstein et al, PACE 10(4), Jul- 
Aug, 1987, which updated the three letter code pub- 
5 lished in the American Journal of Cardiology 34:487 
(1974). The incorporation of physiologic sensors added 
impetus to the acceptance of the "mode switching" ver- 
nacular. Merely by adding a physiologic sensor, the 
pacemaker, regardless of whether it possessed only 
10 single chamber or dual chamber pacing capabilities, 
became susceptible to at least two modes of operation,' 
that is, a first mode dictated by the heart rate, and a sec- 
ond mode dictated by the sensor derived rate. Thus, 
pacemakers with sensors for detecting physiologically 
is required pacing rates (other than the underlying atrial 
and/or ventricular natural depolarization rates) switched 
modes between the sensor derived rate and the natural 
cardiac depolarization derived rate as taught, for exam- 
ple, in U.S. Patent No. 4,890,617. 
20 Consequently, the current vernacular for "mode 
switching" in the rate responsive pacing context sug- 
gests that the pacing mode of operation at any given 
time may be switched from a mode driven exclusively by 
the intrinsic heart rate during one period of time and the 
25 physiologic sensor derived heart rate during another 
period of time. In that context, the aforementioned '406 
patent suggests a form of mode switching from the rec- 
ognized DDD mode to the WIR mode and back to the 
DDD mode under certain conditions related to the rela- 
30 tionship between the natural atrial rate and a fallback 
limit rate. The solution to the problem of tracking the 
atrial rate in relation to a sensor derived rate proposed 
by the '406 patent encompasses switching modes 
between the DDD mode and the WIR mode with spec- 
35 rfied transition mode and pacing rate rise-up and fell- 
back behaviors. 

EP-A-448, 193, which was published on 25 Septem- 
ber 1 991 (i.e. after the priority date of the present appli- 
cation) but has a priority date of 20 March 1990, 
40 discloses a system with a switch mode capability rela- 
tive to an atrial synchronous upper rate pacing limit 
which depends on the sensor related pacing rate. 

Pacing in the WIR mode may unnecessarily con- 
strain the contribution of the atrial chamber of the heart 
45 in those situations when the physiologic sensor derived 
rate compared to the average atrial rate indicates that 
the atrium is chronatropically incompetent or that atrial 
undersensing is being experienced. It is generally desir- 
able to maintain atrial contribution whenever possible 
so and to maintain a certain smoothness in the stimulation 
rate between upper and lower rate limits. 

It is also generally desirable to use the simplest 
modes possible to control the beat by beat operation of 
the system dependant upon two separate rate modifi- 
55 ers. that is, the instantaneous atrial rate in atrial syn- 
chronous modes and the average (combined) sensor 
driven rate in rate responsive modes. Moreover, it is 
desirable to maintain DDD pacing, that is. to track the 
atrial rate, whenever reasonable, and to switch modes 
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only when accumulated evidence is available that the 
atrial rate is pathologic, noise, or incorrectly sensed. 
Reliance on the sensor driven rate should be minimized 
and limited only to situations where pathologic atrial 
tachycardia or atrial bradycardia are indicated given the s 
inherent inferiority in specificity and reliability of man- 
made implanted sensors. 

In addition, it is desirable that a smooth rate transi- 
tion or a rate transition that is not felt by the patient be 
achieved. On the other hand, the system should not 10 
oscillate indecisively between modes or be too sensi- 
tive. In addition, pacing hemodynamics should not be 
compromised between or during transitions. 

in accordance with the present invention, there is 
provided a programmable dual chamber, rate-respon- is 
sive pacemaker according to claim 1 . 

In accordance with the present invention, the pace- 
maker avoids employing the DDDR mode and switches 
between DDD and DDIR modes, of between DDD and 
VVIR modes, based on the difference between the aver- 20 
age combined sensor rate and the average atrial rate at 
a given time. The DDD mode is the primary mode of 
operation unless it is contraindicated by too great a dif- 
ference between the average sensor rate and the aver- 
age atrial rate. In accordance with the present invention, 25 
whenever the sensor rate and the atrial rate are not too 
different, there is approximate agreement on the rate, 
so the mode should be maintained in DDD mode up to 
the atrial upper rate limit in order to maintain AV syn- 
chrony. 30 

During bouts of sustained atrial tachyarrhythmias, 
noise, or atrial oversensing, the average atrial rate 
exceeds the averaged combined sensor rate. If the 
atrial rate exceeds the sensor rate by a programmable 
function of the two rates (the A-S function), the system 35 
of the present invention switches from DDD to WIR 
mode to avoid tracking the high atrial rate. Conversely, if 
the average combined sensor rate exceeds the atrial 
rate by a second programmable function of the two 
rates (the S-A function), then the system of the present 40 
invention switches from the DDD mode to the DDIR 
mode to preserve AV synchrony at the sensor rate with- 
out atrial competition. 

In accordance with the present invention, at the 
point in the tracking of the average atrial rate (AAR) and 45 
the average combined sensor rates (ACSR) that the dif- 
ference exceeds bounds set by the A-S function, the 
WIR mode is invoked immediately, and ventricular pac- 
ing commences at the current average atrial rate, but 
falls back to the rate indicated by the sensor(s) to allow so 
the ventricular pacing rate to track the ACSR. This WIR 
fallback mode alleviates sudden rate changes while 
conforming the pacing rate to the sensor indicated rate. 

Conversely at the point in time when the AAR 
(which is monitored during the WIR mode operation) ss 
falls back toward the ACSR, the difference between the 
AAR and the ACSR falls below bounds set by the A-S 
function, the WIR pacing rate is caused to increase in 
a riseup mode until it matches or exceeds the instanta- 



neous atrial rate and synchronizes to the then prevailing 
atrial rate. Thereafter, the system of the present inven- 
tion switches to the DDD mode, and ventricular pacing 
follows the detected atrial rate, as necessary. 

Advantageously, the aforementioned mode switch- 
ing operations may take place within the range between 
the pacing lower rate limit (LRL) and the sensor derived 
upper rate limit (SURL) and sustained pacing at either 
the SURL or the atrial upper rate limit (AURL) may be 
avoided. However, in certain circumstances, that is, 
when the ACSR exceeds the SURL the mode switches 
to the DDIR mode at the sensor upper rate limit When 
in the DDIR mode, the intrinsic atrial rate is absent due 
to sensor driven atrial pacing. 

"The riseup occurs either at the point where the dif- 
ference between the ACSR and the AAR exceeds the 
programmable S-A function, or when the ACSR 
exceeds the SURL, whichever occurs first. The DDIR 
mode of operation continues even if the ACSR falls back 
below the SURL but only until the underlying instanta- 
neous atrial rate again exceeds the ACSR, whereupon 
the system of the present invention switches back to the 
DDD mode using the synchronization process and ven- 
tricular pacing tracks the instantaneous atrial rate up to 
the AURL or until the AAR again exceeds the ACSR by 
the programmable A-S function. 

The system of the present invention thus avoids 
operating at the AURL and instead relies on the ACSR 
in order to avoid tracking sustained atrial tachyarrhyth- 
mias even rf below the AURL. Conversely, in the pres- 
ence of atrial bradycardia, the system of the present 
invention provides atria! sequential pacing, at least up to 
the SURL Fallback and rise-up transition modes 
between principal operating modes are provided to 
smooth the transition while avoiding indecisive oscilla- 
tions between the principal or major operating modes. 

These and other advantages and features of the 
present invention will be apparent from the following 
description of the accompanying drawings which illus- 
trate preferred embodiments exemplifying the best 
modes of carrying out the invention as presently per- 
ceived. 

Reference is now made to the accompanying 
detailed drawings of the preferred embodiments, in 
which like referenced numerals represent (ike or similar 
parts throughout, in which: 

Figure 1 is a simplified block diagram of the mode 
switching hardware pacing system of the present 
invention; 

Figure 2 is an exemplary illustration of the auto- 
matic mode switching of the system of the present 
invention in tracking the AAR and the ACSR over 
time; 

Figure 3 is a state diagram of the operating states 
and transitions between operating states of the sys- 
tem of the present invention; 
Figure 4 is an illustration in the rate domain of the 
preferred mode switching functions between the 
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WIR, the DDD and the DDIR modes of operation 
for the relationship between the average atrial rate 
and the average combined sensor rate to a set of 
programmable functions; 

Figure 5 is an illustration in the interval domain of s 
the preferred mode switching functions between the 
WIR, the DDD and the DDIR modes of operation 
for the relationship between the average atrial rate 
and the average combined sensor rate to a set of 
programmable functions; and w 
Figure 6 shows beat-by-beat timing of the synchro- 
nization to DDD mode from other operating modes. 

Hardware suitable for practicing the present inven- 
tion includes the Medtronic Dysrhythmia Research is 
Instrument which is available from Medtronic, Inc., Frid- 
ley, Minnesota. This machine is a computer based phys- 
iologic stimulator operating under the control of 
software. The computer hardware is interfaced with the 
heart through atrial and ventricular sense amplifiers and 20 
an atrial and ventricular pulse generators. U.S. Pat. No. 
4,577,633, describes this computer driven stimulator in 
more detail. 

An additional interface must be added to permit the 
integration of a sensor for the estimation of activity and 25 
metabolic demand by the patient. A suitable sensor is 
disclosed in U.S. Pat. No. 4,428,378 to Anderson and 
Brumwell, which sets forth the structure for monitoring 
physical activity of the body to set a pacing rate. 

Other possible sensors are described in "A Review 30 
of Pacemakers That Physiologically Increase Rate: The 
DDD and Rate-Responsive Pacemakers", by Fearnot et 
al., published in Progress in Cardiovascular Diseases. 
Vol. XXIX, No. 2, 1986, pp. 145-164. It is anticipated that 
the present invention may advantageously employ two 35 
or more such sensors to develop an ACSR control sig- 
nal. 

In the preferred embodiment of the present inven- 
tion, the three principal pacing modes are defined as fol- 
lows: 40 

WIR--in WIR mode, the pacemaker not only deliv- 
ers stimuli to the ventricular lead, but also senses the 
electrogram from the same lead. Sensing of the sponta- 
neous ventricular activity (VS) will reset pacemaker tim- 
ing and inhibit the (VP) stimulus. As a result, the as 
pacemaker will remain inhibited as long as the sponta- 
neous ventricular rate is higher (interval between VS 
events is shorter) than the activity sensor modulated 
lower pacing rate. The higher the activity level, the 
shorter the "lower rate" pacing escape interval will be. so 
Ventricular sensing or pacing starts a programmable 
ventricular refractory period. During the first part of that 
period called "ventricular blanking period", the sensing 
system is completely blind. The remainder of the refrac- 
tory period is the so called "noise sampling period". 55 
Ventricular sensed events in that period will not reset 
the timing of the generator but will start a new refractory 
period including blanking and noise sampling. 
Repeated sensing caused by noise on the lead results 



in pacing at the sensor modulated pacing rate. During 
the WIR mode in the present invention, the atrium is 
sensed to determine the AAR which may be used to 
switch to another mode. 

DDD'-the essence of DDD pacing is the mainte- 
nance of the AV synchrony and atrial rate response 
under all circumstances. As long as the spontaneous 
atrial sensed rate remains between the programmed 
upper and lower pacing rates, the pacemaker synchro- 
nizes ventricular stimuli to atrial P-waves. An atrial inter- 
val longer than the programmed lower interval initiates 
AV sequential, DVI pacing. An atrial interval shorter 
than the programmed minimum interval induces either 
pseudo-Wenckebach behavior or 2:1 block in the syn- 
chronization in the pacemaker. Sensing of a spontane- 
ous ventricular complex inhibits both the ventricular and 
atrial stimulation and resets the timing. Atrial stimulation 
and sensing start an AV interval and an atrial refractory 
period. Ventricular stimulation or sensing starts a ven- 
tricular minimum pacing rate (lower rate) and both atrial 
and ventricular refractory periods. Atrial stimulation will 
initiate a programmable "crossblanking" of ventricular 
sensing, and, if this is programmed on, a ventricular 
safety pacing interval. 

DDIR--in this mode, the capability for pacing and 
sensing is present in both chambers; however, sensed 
atrial activity will inhibit the atrial output pulse but will not 
affect the timing of the ventricular output. DDI mode has 
advantages over DVI pacing mode because it avoids 
atrial competitive pacing through sensing the atrial sig- 
nal. AV sequential (DVI) pacing will be provided by 
default in the absence of intrinsic atrial activity. Addition- 
ally, intrinsic ventricular activity occurring during the AV 
delay will inhibit ventricular pacing and reset timing. 
Atrial sensed actions during the non-atrial refractory 
period will inhibit the AP output only. This sensing will 
not affect timing of the VA and AV intervals, and in the 
absence of ventricular activity, a ventricular output pulse 
will be provided at the end of the sensor derived W 
interval or at the end of the programmed lower or upper 
pacing rate. 

In addition, the following acronyms are used in the 
specification: 

AAR Average Atrial Rate derived from AS and 
AR events 

ABLANK Atrial sense amplifier blanking signal 

ACSR Average Combined Sensor Rate derived 
from output of one or more sensors whose 
sensitivity and weighting factor may be pro- 
grammed 

AP Atrial Pace event 

APE Atrial Pace Enable signal 

AR Atrial sensed event during an atrial refrac- 

tory period 

AS Atrial Sensed event 

AURL A programmable AS driven atrial upper 
pacing rate limit expressed in beats per 
minute 
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AV Ventricular escape interval from AP or AS 

to scheduled VP. 
DDIr DOIR mode as defined above, but with 

pacing rate varying as a riseup transition 

function when switching from DDD to the 

DDIR mode 

f(A-S) n A programmable set of threshold value 
functions of the difference between AAR 
and ACSR when AAR is greater than 
ACSR over a range of pacing rates 
between the LRL and the AURL and the 
SURL 

f (S-A) n A programmable set of threshold value 
functions of the difference between the 
ACSR and AAR when ACSR is greater 
than AAR over a range of pacing rates 
between the LRL and the AURL and SURL 

INT Sensor defined or average atrial interval 
(i.e., the interval in ms is 60,000/rate in 
bpm) 

LRL A programmable lower AP and/or VP rate 
limit 

PMT Pacemaker Mediated Tachycardia 
PVARP Post- Ventricular Atrial Refractory Period 
PVARPEXT PVARP extension, a programmable value 
to cover the retrograde conduction period 
for a patient 
PVC Premature Ventricular Contraction 
PW Pulse Width control signal 
S/D Single/Double output pulse amplitude con- 

trol signal 

SURL A programmable sensor driven upper pac- 
ing rate limit expressed in beats per minute 

TARP Total Atrial Refractory Period = AV interval 
+ PVARP 

VA Atrial escape interval from VP or VS to 

scheduled AP (or retrograde conduction 
time from ventricular event to retrograde 
AS) 

VBLANK Ventricular sense amplifier blanking signal 

VP Ventricular Pace event 

VPE Ventricular Pace Enable signal 

VRP Ventricular Refractory Period 

VS Ventricular Sense event 

W The ventricular escape interval in WIR or 

Wlr pacing modes 

Wlr WIR mode as defined above but with pac- 
ing rate varying as a riseup or fallback tran- 
sition function between the AAR and the 
ASCR while monitoring the ACSR 

In the context of the present invention, the DDD, 
DDIR and WIR modes are embodied in the system 
depicted in Figure 1 in conjunction with the state dia- 
gram of Figure 5. The system depicted in Figure 1 illus- 
trates the major components of a DDDR pacemaker 
such as a Medtronic Model 7074 Elite® pacemaker and 
includes a digital logic and/or microprocessor-based 
control logic block 10 (including on-board RAM and 



ROM memory and a central processing unit, in the 
microprocessor based system). Those major compo- 
nents further include the crystal oscillator 12, diagnostic 
data registers 14, one or more physiologic sensors 28, 
5 antenna 20 and programming and data transmission 
block 22, and the atrial and ventricular input and output 
sections coupled to the atrial and ventricular electrodes 
23 and 25 adapted to be positioned in the atrium and 
ventricle of the heart. The atrial pacing output stages 
10 include the atrial output circuit 15 and pulse generator 
16 coupled to the electrode 23 and the control logic 
block 10. Similarly, the ventricular output stages include 
the ventricular output circuit 1 1 and ventricular pulse 
generator 13 coupled to the ventricular electrode 25 and 
is the control logic 1 0. The atrial and ventricular output cir- 
cuits 15 and 11 receive APE and VPE signals and the 
programmed PW signal from control logic 10 and 
respond by providing AP and VP trigger signals to volt- 
age multipliers 16 and 13 respectively. Very simply, 
20 when the control logic 1 0 times out the VA and AV inter- 
vals, respective atrial and ventricular pacing impulses 
having pulse widths determined by the PW signal and 
amplitudes determined by the S/D signal are supplied to 
the electrodes 23 and 25. 
& At that same time, the atrial and verttricular sense 
amplifiers 17 and 19, respectively, are blanked by 
ABLANK and VBLANK signals from the control logic 10, 
and respective atrial and ventricular refractory periods 
(TARP, PVARP, VRP) are commenced. The atrial and 
30 ventricular sense amplifiers 17 and 19, when 
unblanked, sense the respective atrial and ventricular 
depolarizations of the heart (P-waves and R-waves 
respectively) and develop the AS and VS signals 
respectively. 

35 It is the function of the control logic 1 0 to respond to 
the AS, VS and sensor input signals to develop the 
above-listed AAR, ACSR, PVARPEXT, TARP, AP and 
VP signals and the AV and VA intervals all under the 
control of the programmed mode and parameter value 
40 selections stored in memory including the programmed 
LRL, SURL, AURL, f(A-S) n , f(S-A) n functions, AV, VA, 
VRP, and PVARP values. 

In practice, digital logic and microprocessor based 
pacing systems employ a high frequency crystal oscilla- 
45 tor 12 to develop clock signals to increment or decre- 
ment counters to time out the above-listed intervals. It is 
common practice to describe the functions of and to 
program pacemakers in terms of "intervals" (AV, 
PVARP, blanking, AIW, etc.) or in terms of "rates" (LRL, 
so SURL, AURL, etc.), and it should be understood that the 
parameters expressed in rates will be implemented in 
practice as intervals. Because of the use of fixed fre- 
quency clocks (except for the use of voltage controlled 
oscillators in certain instances where the state of the 
55 system power source is important), linear depictions of 
rate behavior will be somewhat non-linear over ranges 
of interest in actual implementation. 

As stated hereinbefore, in the context of the present 
invention, if the average AAR does not exhibit atrial 



5 



9 



EP 0 559 847 B1 



10 



tachyarrhythmia or bradyarrhythmia, DDD pacing is the 
preferred mode of pacing. The pacemaker of the 
present invention is designed to stay in the DDD mode 
as long as the AAR and the ACSR are within a user 
selected range, that is, within the range defined by the 
programmable A-S and S-A functions, and the AAR is 
not in excess of the AURL or is not irregular at higher 
rates. During episodes of sinus bradycardia and 
chronotropic atrial incompetence, the atrial rate is not 
adequate, so the preferred mode of pacing becomes 
the DDIR mode. Conversely, when significant atrial 
tachyarrythmias are detected, the preferred mode is 
the WIR mode to avoid inappropriate atrial tracking, 
atrial competitive pacing and the risk of inducing more 
atrial arrhythmias. The mode switching between the 
selected modes depends on a comparison between the 
AAR and the ACSR up to the AURL and the SURL In 
accordance with the present invention, rise up and fail 
back tracking of the atrial and sensor rates is defined to 
take place over several heart beats or over a predeter- 
mined period of time measured in milliseconds. 

Turning now to Figures 2 and 3, the mode switching 
and tracking of the paced rate in beats per minute to the 
average atrial rate or the average combined sensor rate 
is depicted. In Figure 2, the AAR, the ACSR, and the 
paced rates are depicted in relation to one another and 
the AURL and SURL thresholds to show, over time, how 
the mode switches from DDD to WIR, from WIR to 
DDD, from DDD to DDIR, from DDIR to DDD and from 
DDD back to WIR. Direct switching from WIR to DDIR 
is possible if the AAR falls and the ACSR rises very rap- 
idly, but such switching is not depicted in Figure 2. In the 
state diagram of Figure 3, the transitions from one mode 
to another are referenced to the events depicted chron- 
ologically in Figure 2. These transitions with respect to 
both Figures 2 and 3 are explained as follows. 

DDD to WIR - in the DDD mode depicted in Figure 
2 from time o to t r , the AAR and ACSR are roughly 
equivalent, indicating that the patient's atrial rate is 
tracking his level of exercise. Moreover, both the AAR 
and ACSR are well below the programmed AURL and 
SURL and above the LRL, indicating a stable heart con- 
dition and appropriate response to the level of exercise 
and emotional state of the patient. At time t Vt the AAR 
begins to increase above the ACSR at the onset of a 
bout of abnormal atrial tachycardia (extending part way 
through time U). When the AAR exceeds the ACSR by 
the A-S value (which is one of the programmed A-S set 
of values defining the A-S function to be explained here- 
after) at time t?, a mode transition takes place to the 
Wlr fallback mode which extends from time t 2 through 
time t 3 . Automatic mode switching from DDD to the Wlr 
transition mode occurs on the next beat after the differ- 
ence between the AAR and the ACSR exceeds the A-S 
function expressed in either beats per minute or in cycle 
lengths in milliseconds. In the Wlr fallback transition 
mode, the pacemaker operates in the Wi mode at 
smoothly declining rates while monitoring both the 
ACSR and AAR. Each V-V escape interval is decre- 



mented preferably at 20 milliseconds per interval during 
the Wlr transition mode. The WIR mode is achieved 
when the Wlr rate becomes equal to or less than the 
ACSR. This completes the mode switch from DDD to 

5 WIR. As shown in Figure 2, the atrial rate markedly 
exceeds the sensor derived ACSR as well as the AURL 
These upper rate limits need not be exceeded to obtain 
the operation just described. If during Wlr fallback, the 
AAR and ASCR difference becomes less than the A-S 

w function (not shown) then Wlr riseup would occur and 
the mode could switch back to DDD as shown hereafter 
at time (5. 

WIR to DDD - At time t4 in Figure 2, the average 
atrial rate (AAR) has descended below the AURL and 

15 SURL and toward the ACSR until the difference falls 
below the then controlling A-S value of the programma- 
ble A-S function. At that point, the Wlr transition mode 
is again entered into wherein the Wlr pacing rate 
departs from the sensor derived rate and increases in a 

20 riseup mode toward the atrial rate. In that Wlr mode, 
the ACSR continues to be derived but is not employed 
to set the Wlr lower pacing rate but rather is employed 
only to continue the comparison between the AAR and 
ACSR. If during the Wlr mode, the AAR and ACSR 

25 rates diverge by more than the A-S function (not shown) 
then the mode would return to WIR. When the incre- 
mented pacing rate reaches the AAR (shown at time t 5 ), 
the pacing mode switches to the DDD mode. The riseup 
in the Wlr pacing rate is also preferably at 20 millisec- 

30 onds each V-V escape interval, and the switch to DDD 
with synchronization (Fig. 6) occurs at the first atrial 
sense that the time from the VS or VP to AS is greater 
than AURL interval minus the AV delay. This synchroni- 
zation process may take several beats and may be 

35 forced if it does not occur in ten ventricular cycles. 

As noted above, the AAR in the \ 2 'U interval is 
depicted as exceeding both the AURL and the SURL 
whenever the ACSR is depicted as well below the 
SURL. The switching to the WIR mode and back to the 

40 DDD mode could occur with an ACSR below the AURL 
and SURL that more closely tracks the AAR as long as 
the then controlling A-S values of the A-S function were 
still exceeded (at tg) and later returned to (at y by the 
difference between the ACSR and AAR. 

45 DDD to DDIR - During interval ts to % the ACSR is 
compared to the AAR while the pacing rate is controlled 
by the instantaneous atrial rate in DDD mode. At time 
ts-, the ACSR exceeds the AAR by the then controlling 
S-A value of the programmed S-A function, and thereaf- 

50 ter the ACSR continues to rise. In this case, the DDIr 
with riseup transition mode is entered from tg to t 7 . The 
riseup is accomplished by providing a V-V interval short- 
ening of 20 milliseconds per V-V interval until it equals 
the V-V interval established by the ACSR at time t 7 

55 when the mode switches to DDIR. 

As shown in Figure 2, the DDIR mode pacing rate 
tracks the ACSR so long as it is less than the SURL 
However, when the ASCR exceeds the SURL from time 
ts to time t 9 , the DDIR mode is rate limited at the SURL. 
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From time t9 to time t 10 the ACSR falls below the SURL, 
and the pacemaker tracks the ACSR in the DDIR mode! 

DDIR to DDD - In the interval from tg to t 10 , the AAR 
is not computed, since AS events are expected to be 
suppressed by the synchronous atrial pacing at the rise s 
up (DDIr) or the ASCR set (DDIR) escape intervals. 
Nevertheless, the underlying spontaneous atrial rate 
begins to generate AS events which reestablish a valid 
AAR at t 10 . When AS events occur in the atrial synchro- 
nization window close to the time out of the APE signal, 10 
switching to the DDD mode can take place as explained 
further in conjunction with Figure 6. At time ti 0 the pace- 
maker makes an abrupt transition from the major DDIR 
mode to the major DDD mode at the point when the ris- 
ing spontaneous atrial rate exceeds the falling sensor is 
derived rate or ACSR, both being below the AURL and 
SURL respectively. The DDIR mode controls until syn- 
chronization as described hereafter in conjunction with 
Figure 6 occurs. Thereafter the pacemaker operates in 
the DDD mode tracking the AAR from time t 1 0 to time t, 1 20 
whereupon the difference between the AAR and ACSR 
again exceeds the instantaneous A-S value of the pro- 
grammable function and the transition from the DDD 
mode to the Wlr and WIR modes is again commenced 
in a manner explained previously for times t 2 and t 3 . It 2s 
will be understood that if the ACSR had tracked the AAR 
within the A-S difference function, then the pacemaker 
would have continued to operate in the DDD mode at 
time ti It will also be understood that when the AAR or 
the instantaneous atrial rate exceeds the AURL, the 30 
pacing rate is governed by an atrial upper rate limit 
mode, such as the pseudo-Wenckebach mode, as 
shown in a portion of the interval from t 10 \ot u . 

In Figure 3 the major and transition modes and the 
mode switching conditions are depicted in a state dia- 35 
gram for convenience of explanation in conjunction with 
the timing diagram of Figure 2. It will be appreciated that 
the mode switching states as described above may be 
implemented in a state machine of the type described in 
U.S. Patent 4,944,298. In general, a mode state change 40 
is made dependent upon the current relationship of the 
AAR (or on AS in a synchronization timing window) with 
the ACSR and the prior mode or state. The relationship 
is governed by programmed A-S and S-A functions, 
together with the programmed AURL, SURL and LRL as 45 
illustrated in the rate domain in Figure 4 and in the inter- 
val domain in Figure 5. As stated earlier, pacing sys- 
tems conventionally employ fixed frequency clocks 
resulting in linear intervals and curvilinear rates. As a 
practical matter, the curvilinear S-A and A-S functions so 
depicted in Figure 4 approximate linear functions within 
the ranges of interest when the terminal rate point (200 
bpm, in Figure 4) is set above the usable upper rate lim- 
its. 

Referring to Figure 4, a LRL of 40 bpm is selected ss 
for both the ACSR and AAR and the SURL and AURL 
are depicted at 160 and 180 bpm, respectively. Four 
programmable f(S-A) and five programmable f(A-S) 
function curves are depicted which (when programmed 



in) mark the boundaries between the DDD, DDIR and 
WIR major modes of operation. Thus, when one of f(S- 
A) and one of the f(A-S) functions are selected by pro- 
gramming the pacemaker of Figure 1, the DDD mode 
controls when the ACSR and AAR values both fall in the 
control space between the two selected functions. In all 
other relationships of AAR to ACSR, the controlling 
mode is either the WIR or DDIR mode. Thus, if ffS-A^ 
and f(A-S) 2 are programmed and the AAR*140 bpm 
while the ACSR=80 bpm, the WIR mode will be 
entered into. However, if f(A-S) 3 were programmed, 
then the intersection of the 80 bpm and 140 bpm lines 
would fall between the selected S-A and A-S functions 
and the DDD mode would be entered into. 

Referring now to Figure 5, the relationship of the S- 
A and A-S functions to average atrial and average com- 
bined sensor intervals between 300 ms (200 bpm) and 
1 500 ms (40 bpm) is illustrated simply to depict the rela- 
tionships of Figure 4 in the interval domain. Pacemaker 
pulse generators operating with a fixed clock frequency 
operate in the interval domain, resulting in the some- 
what non-linear rate functions depicted in Figure 4. 

The manner in which the AAR and ACSR values 
are obtained shall now be explained. Detection of the 
atrial rate is critical to the mode switching rules in that 
determination of appropriateness of atrial rhythm is 
based in part on the atrial rate. Various means may be 
used to derive a rate value which can be used for this 
purpose. The mechanism for determining average atrial 
rate must allow reasonably quick reaction to abrupt 
changes in atrial rate but not allow undue action on the 
basis of a few premature atrial beats. Implementation 
considerations also include computation time and mem- 
ory requirements. Irregular or erratic atrial sensing 
(oversensing or undersensing) can lead to erroneous 
rate information on which the pacemaker must make 
mode switching decisions. 

The average atrial rate may be determined by a 
simple eight interval moving average or by a delta mod- 
ulation process. When a delta modulation algorithm is 
employed, the AAR value (expressed as an interval) is 
initialized to the Lower Rate interval. With each AS and 
AP event, the preceding beat-to-beat interval is com- 
pared to the AAR. If the beat-to-beat interval is less than 
the AAR interval, the AAR interval is reduced by the 
delta amount. If the beat-to-beat interval is greater than 
the AAR interval, the AAR interval is increased by delta. 
If "x" successive beats require an increase or decrease, 
the delta itself may be increased. Delta is varied over 
the rate range so that the dither around a stable rate will 
be between 5 and 10 bpm in the physiologic rate range. 
The increase of delta during successive periods of 
increase or decrease allows the AAR to respond quickly 
to large and precipitous changes in rate. If the rate is 
stable, the AAR will dither around the actual rate at the 
beat-to-beat variation of delta. This technique mimics a 
low-pass filter. 

Not all atrial events can be used for the delta or 
average AAR calculations. There are situations where 
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AS events do not occur such as during atrial pacing, so, 
where practical, atrial pacing is used, in DOIR pacing, 
AS events do not reset the timing of the pacemaker; 
thus, the interval from a previous AS or AP event until 
an AS event is used for the averaging calculation. How- s 
ever, the interval from an AS event to a subsequent AP 
is not used because it is indicative of neither the sensor 
derived nor spontaneous rates. To simplify implementa- 
tion and explanation, the following rule is employed: all 
AS events are used for the determination of AAR except to 
ASorAR followed byAR 

By the use of nearly ail atrial events, input to the 
AAR delta tracking algorithm is maintained during atrial 
pacing and atrial sensing conditions, regardless of cur- 
rent mode. For situations where atrial events do not is 
exist, such as during ventricular tachycardia or sensing 
of noise on the ventricular channel without atrial sens- 
ing, the AAR is not updated and is not used. 

Loss of atrial capture may be reflected as tachycar- 
dia detection. In the event of loss of atrial capture, spon- 20 
taneous atrial beats may follow. Counting both the 
paced and the spontaneous beats results in a high atrial 
rate which is likely to be determined to be tachycardia 
by the algorithm and cause a mode switch. 

The following table illustrates the different atrial 25 
events which are used (USE) and ignored (NO) for 
determining the AAR. 







To this event: 






AP 


AS 


AR 


From this Event: 


AP 


USE 


USE 


USE 




AS 


NO 


USE 


USE 




AR 


NO 


USE 


USE 



Turning now to the calculation of the ACSR, it may 40 
be derived from a single sensor by the methods 
employed in the Medtronic Activitrax® and Legend® 
activity responsive pacemakers and as described in 
Medtronic product literature. 

In such systems, the sensor is a piezoelectric activ- 45 
ity sensor which develops a signal that is processed into 
a pacing rate control signal. It is also contemplated that 
in the present invention, the ACSR may be derived in 
the same fashion from one sensor (activity) or two or 
more physiologic sensors. so 

The signal processing algorithm(s) includes weight- 
ing factors that are programmable as described in the 
product literature. In any case, the ACSR value may be 
derived from the physiological sensor output(s) in 
accordance with any of the known techniques and ss 
employed with the AAR and the f(S-A) n and f(A-S) n 
functions to effect mode switching as described herein- 
before. 

In the mode switch into DDO, it is desirable to make 



the switch at a point in the pacing escape interval out- 
side the AURL interval less the AV interval. In accord- 
ance with the present invention, an atrial 
synchronization window (ASW) as depicted in Figure 6 
is preferably employed for synchronization. Thus, if an 
AS event occurs in one of ten successive ASWs 
depicted in Figure 6, the mode is immediately switched 
to DDD on that AS event. If ten successive intervals 
pass with no AS event detected in the ASW, then the 
switch is forced at the scheduled AP event. 

Although an exemplary embodiment of the present 
invention has been shown and described, it will be 
apparent to those having ordinary skill in the art that a 
number of changes, modifications, or alterations to the 
invention as described herein may be made. 

Claims 

1. A programmable dual chamber, rate-responsive 
pacemaker capable of operating in more than one 
pacing mode and provided with atrial and ventricu- 
lar sensing input (7,19,23,25) and stimulation out- 
put (11.15) circuitry and control logic means for 
operating said pacemaker in an atrial synchronous 
mode providing ventricular stimulation output 
pulses synchronously with sensed atrial depolari- 
zations, and in at least one further rate responsive 
pacing mode providing atrial and/or ventricular 
stimulation output pulses on demand at a rate 
dependent upon a sensor related pacing rate con- 
trol signal; said pacemaker comprising: 

means (17) for monitoring atrial heart beats; 
means (10) for developing an average atrial 
heart rate/interval (AAR) from successive atrial 
heart beats; 

at least one physiologic sensor (21 ) for sensing 
a patient's physiologic requirements of cardiac 
output and providing a sensor output signal in 
response thereto; 

means (ACSR) for developing a sensor related 
pacing rate/interval from said sensor output 
signal; 

means (10) for establishing a sensor driven 
upper pacing rate limit (SURL) for pacing in 
said at least one further pacing mode; 
means (10) for establishing an atrial synchro- 
nous upper pacing rate limit (AURL) for pacing 
in said atrial synchronous pacing mode; 
means (10) for establishing a lower pacing rate 
limit (LRL); 

means (10) for establishing a first mode switch- 
ing function defining a first set of correlated 
sensor related and average atrial pacing 
rate/interval values, wherein the sensor related 
rate/interval values within said first set of corre- 
lated value define pacing rates greater than the 
average atrial rate values, correlated therewith 
by a first programmable function of the two 
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rates (KA-Sy; 

means (10) for establishing a second mode 
switching function defining a second set of cor- 
related sensor related and average atrial pac- 
ing rate/interval values, wherein the average 5 
atrial rate/interval values within said second set 
of correlated values set a pacing rate greater 
than the sensor related rate values correlated 
therewith by a second programmable function 
of the two rates (f(S-A)„) ; 10 
means for periodically comparing concurrent 
average atrial and sensor related rate/interval 
values to the first and second mode switching 
function values; 

means (23,25) for operating said pacemaker in is 
said atrial synchronous mode, through the 
range of possible rate/interval values between 
said lower pacing rate limit (LRL) and said atrial 
upper pacing rate limit, so long as concurrent 
sensor related and average atrial rate/interval 20 
values do not fall outside the first and second 
mode switching functions; and 
means (23,25) for operating said pacemaker in 
said at least one further rate responsive pacing 
mode, through the range of possible rate/inter- 25 
val values between said lower pacing rate limit 
and said sensor driven upper pacing rate limit, 
so long as concurrent sensor related and aver- 
age atrial rates/intervals fall outside a control 
space in an ASCR-AAR diagram, the control 30 
space being defined as the space between the 
first and second mode switching functions. 

2. The apparatus of claim 1 wherein said at least one 
further rate responsive pacing mode comprises first 35 
and second rate responsive pacing modes, said 
apparatus further comprising: 

means for operating said pacemaker in said 
first rate responsive pacing mode when sensor 40 
related rate/interval values define pacing rates 
greater than concurrent average atrial 
rate/interval values and concurrent sensor 
related and average atrial rate/interval values 
fall in the space below the first mode switching 45 
function; and 

means for operating said pacemaker in said 
second rate responsive pacing mode when 
sensor related rate/interval values define pac- 
ing rates less than concurrent average atrial so 
rate/interval values and said concurrent sensor 
related and average atrial rate/interval values 
fail in the space above the second mode 
switching function. 

55 

3. The apparatus of claim 1 or 2 wherein said atrial 
synchronous pacing mode is the DDD pacing 
mode. 



4. The apparatus of claims 2 or 3 when combined with 
claim 2 wherein said first and second rate respon- 
sive pacing modes are the OOIR and WIR pacing 
modes, respectively. 

5. The apparatus of claim 1 or 2 wherein said atrial 
synchronous pacing mode is the DDD pacing mode 
and wherein said at least one further rate respon- 
sive pacing mode comprises the WIR pacing 
mode. 

6. The apparatus of claim 1 or 2 wherein said atrial 
synchronous pacing mode is the DDD pacing mode 
and wherein said at least one further rate respon- 
sive pacing mode comprises the DDIR pacing 
mode. 

7. The apparatus of any preceding claim further com- 
prising: 

means (20,22) for remotely programming the 
first and second mode switching function val- 
ues; 
and 

means (22,22) for remotely programming the 
atrial synchronous and sensor driven upper 
pacing rate limit and the lower pacing rate limit 
values. 

8. The apparatus of any preceding claim further com- 
prising: 

means for operating said pacemaker in pacing 
rate transition modes for avoiding abrupt pac- 
ing rate changes between sensor related and 
average atrial rates upon switching pacing 
modes, comprising means for gradually incre- 
menting or decrementing pacing rates in said 
transition modes until the pacing rate/interval 
matches a sensor related or average atrial rate. 

9. The apparatus of any preceding claim, wherein said 
atrial synchronous upper pacing rate limit and said 
sensor driven upper pacing rate limit define differ- 
ing rates. 

Patentanspruche 

1. Programmierbarer frequenzadaptiver Zweikam- 
merschrittmacher, der in der Lage ist, in mehr als 
einem Schrittmachermodus zu arbeiten, und mit 
einer atrialen und ventrikuftren Erfassungsein- 
gangs- (7, 19, 23, 25) und Stimulationsausgangs- 
schaltung (11, 15) sowie einer Steuerlogikein- 
richtung zum Betrieb des Schrittmachers in einem 
atriumsynchronen Modus unter Lieferung von Ven- 
trikel-Stimulationsausgangsimpulsen synchron zu 
erfaBten Atriumdepolarisationen und in mindestens 
einem weiteren frequenzadaptiven Schrittmacher- 
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modus unter bedarfsgesteuerter Ueferung von 
Atrium- und/oder Ventrikel-Stimulationsausgangs- 
impulsen mit einer Frequenz, die von einem sen- 
sorbezogenen Schrittmacherfrequenz-Steuersignal 
abhangt, versehen ist, wobei der Schrittmacher 5 
aufweist: 

eine Einrichtung (17) zur Clberwachung von 
Atrium-Herzschiagen, 

eine Einrichtung (10) zur Bildung einer mittle- 10 
ren atrialen Herzfrequenz / eines mittleren 
atrialen Herzintervalls (AAR) aus aufeinander- 
folgenden Atrium-Herzschiagen, 
mindestens einen physiologischen Sensor 
(21), urn physiologische Anforderungen an die is 
Herzleistung eines Patienten zu erfassen und 
in Reaktion darauf ein Sensorausgangssignal 
zu liefern, 

eine Einrichtung (ACSR) zur Bildung einer sen- 
sorbezogenen Schrittmacherfrequenz / eines 20 
sensorbezogenen Schrittmacherintervalls aus 
dem Sensorausgangssignal, 
eine Einrichtung (10) zur Festlegung einer sen- 
sorgesteuerten oberen Schrittmachergrenzfre- 
quenz (SURL) fOr den Schrittmacherbetrieb in 25 
dem genannten mindestens einen weiteren 
Schrrttmachermodus, 

eine Einrichtung (10) zur Festlegung einer atri- 2. 
umsynchronen oberen Schrittmachergrenzfre- 
quenz (AURL) fur den Schrittmacherbetrieb in 30 
dem genannten atriumsynchronen Schrrttma- 
chermodus, 

eine Einrichtung (10) zur Festlegung einer 
unteren Schrittmachergrenzfrequenz (LRL), 
eine Einrichtung zur Festlegung einer ersten 35 
Modusumschaltfunktion, die einen ersten Satz 
korrelierter sensorbezogener und mittlerer 
atrialer Schrrttmacher-FrequenzVlntervallwerte 
definiert, wobei die sensorbezogenen Fre- 
quenz/lntervallwerte innerhalb des ersten Sat- 40 
zes korrelierter Werte hOhere Schrittmacher- 
frequenzen als die mittleren atrialen Frequenz- 
werte definieren, die mit jenen mittels einer 
ersten programmierbaren Funktion der zwei 
Frequenzen (ffA-SJJ korreliert sind, 45 
eine Einrichtung zur Festlegung einer zweiten 
Modusumschaltfunktion, die einen zweiten 
Satz korrelierter sensorbezogener und mittle- 
rer atrialer Schrittmacher-Frequenz-/lntervaII- 
werte definiert, wobei die mittleren atrialen so 
Frequenz/lntervallwerte innerhalb des zweiten 
Satzes korrelierter Werte eine hdhere Schritt- 
macherfrequenz als die sensorbezogenen Fre- 
quenzwerte festlegen, die mit ihnen uber eine 
zweite programmierbare Funktion der beiden 55 
Frequenzen (ffS-AJJ korreliert sind, 3. 
eine Einrichtung, urn gemeinsam auftretende 
mittlere atriale und sensorbezogene Frequenz- 
/Intervallwerte mit den Werten der ersten und 
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der zweiten Modusumschaltfunktion zu verglei- 
chen, 

eine Einrichtung (23, 25). urn den Schrittma- 
cher so lange, wie gemeinsam auftretende 
sensorbezogene und mittlere atriale Frequenz- 
/Intervallwerte nicht aus der ersten und der 
zweiten Modusumschaltfunktion herausfallen, 
uber den Bereich mOglicher FrequenzVlnter- 
vallwerte zwischen der unteren Schrittmacher- 
grenzfrequenz (LRL) und der atrialen oberen 
Schrittmachergrenzfrequenz in dem genann- 
ten atriumsynchronen Modus zu betreiben, 
und 

eine Einrichtung (23, 25), urn den Schrittma- 
cher so lange, wie gemeinsam auftretende 
sensorbezogene und mittlere atriale Frequen- 
zen/lntervalle aus einem als Raum zwischen 
der ersten und der zweiten Modusumschalt- 
funktion definierten Steuerraum in einem 
ASCR-AAR-Diagramm herausfallen, Qber den 
Bereich mdglicher Frequenz-/lntervallwerte 
zwischen der unteren Schrittmachergrenzfre- 
quenz und der sensorgesteuerten oberen 
Schrittmachergrenzfrequenz in dem genann- 
ten mindestens einen weiteren frequenzadapti- 
ven Schrrttmachermodus zu betreiben. 

Vorrichtung nach Anspruch 1, wobei der genannte 
mindestens eine weitere frequenzadaplive Schritt- 
machermodus einen ersten und einen zweiten fre- 
quenzadaptiven Schrrttmachermodus umfaBt und 
die Vorrichtung weiterhin aufweist: 

eine Einrichtung, urn den Schrittmacher in dem 
genannten ersten frequenzadaptiven Schritt- 
machermodus zu betreiben, wenn sensorbezo- 
gene Frequenz-/lntervallwerte hOhere Schritt- 
macherfrequenzen als gemeinsam auftretende 
mittlere atriale Frequenz-/lntervallwerte ange- 
ben und gemeinsam auftretende sensorbezo- 
gene und mittlere atriale FrequenzVlnter- 
vallwerte in den Raum unterhalb der ersten 
Modusumschaltfunktion fallen, und 
eine Einrichtung, urn den Schrittmacher in dem 
genannten zweiten frequenzadaptiven Schritt- 
machermodus zu betreiben, wenn sensorbezo- 
gene FrequenzVlntervallwerte niedrigere 
Schrittmacherfrequenzen als gemeinsam auf- 
tretende mittlere atriale Frequenz-/lntervall- 
werte angeben und die gemeinsam auftre- 
tenden sensorbezogenen und mittleren atria- 
len Frequenz/lntervallwerte in den Raum ober- 
halb der zweiten Modusumschaltfunktion 
fallen. 

Vorrichtung nach Anspruch 1 oder 2, wobei der atri- 
umsynchrone Schrrttmachermodus der DDD- 
Schrittmachermodus ist. 
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4. Vorrichtung nach Anspruch 2 oder 3, soweit auf 
Anspruch 2 zuruckbezogen, wobei der erste und 
der zweite frequenzadaptive Schrittmachermodus 
entsprechenderweise der DDIR- und der WIR- 
Schrittmacher modus sind. 5 

5. Vorrichtung nach Anspruch 1 Oder 2, wobei der atri- 
umsynchrone Schrittmachermodus der DDD- 
Schrittmachermodus ist und der genannte minde- 
stens eine wertere frequenzadaptive Schrittma- 10 
chermodus den WIR-Schrittmachermodus umf- 
aBt. 

6. Vorrichtung nach Anspruch 1 Oder 2, wobei der atri- 
umsynchrone Schrittmachermodus der DDD- is 
Schrittmachermodus ist und der genannte minde- 
stens eine wertere frequenzadaptive Schrittma- 
chermodus den DDIR-Schrittmachermodus umf- 
aBt 

20 

7. Vorrichtung nach einem der vorhergehenden 
AnsprOche, aufweisend: 

eine Einrichtung (20, 22) zur Fernprogrammie- 
rung der Werte der ersten und der zweiten 25 
Modusumschaltfunktion und 
eine Einrichtung (20, 22) zur Fernprogrammie- 
rung des atriumsynchronen und des sensorge- 
steuerten oberen Schrittmachergrenzfre- 
quenzwerts und des unteren Schrittmacher- 30 
grenzfrequenzwerts. 

8. Vorrichtung nach einem der vorhergehenden 
Anspruche, aufweisend: 

35 

eine Einrichtung zum Betrieb des Schrittma- 
chers in Schrittmacherfrequenz-Ubergangsbe- 
triebsarten, urn abrupte Schrittmacherfre- 
quenzanderungen zwischen sensorbezogenen 
und mittleren atrialen Frequenzen beim 40 
Umschalten von Schrittmacher moden zu ver- 
hindern, einschlieGlich einer Einrichtung zur 
allmdhlichen Erhflhung oder Verringerung von 
Schrittmacherfrequenzen in den genannten 
Ubergangsbetriebsarten, bis die Schrittma- 45 
cherfrequenz / das Schrittmacherintervall zu 
einer sensorbezogenen oder mittleren atrialen 
Frequenz paBt 

9. Vorrichtung nach einem der vorhergehenden so 
Anspruche, wobei die atriumsynchrone obere 
Schrittmachergrenzfrequenz und die sensorge- 
steuerte obere Schrittmachergrenzfrequenz unter- 
schiedliche Frequenzen angeben. 

55 

Revendications 

1. Stimulateur reagissant a la frequence, a double 
chambre programmable capable de fonctionner 



suivant plus d'un mode de stimulation et muni de 
circuits d'entree de detection auriculaire et ventricu- 
laire (7, 1 9, 23, 25) et de circuits de sortie de stimu- 
lation (1 1 , 15) et de moyens de commande logiques 
faisant fonctionner ledit stimulateur suivant un 
mode synchrone auriculaire fournissant des impul- 
sions de sortie de stimulation ventriculaire en syn- 
chronisms avec ies d6polarisations auriculaires 
detectees, et suivant un mode au moins de stimula- 
tion supplemental reagissant a la frequence four- 
nissant des impulsions de sortie de stimulation 
auriculaire et/ou ventriculaire sur demande a une 
frequence qui depend d'un signal de commande de 
la frequence de stimulation relative au capteur; ledit 
stimulateur comprenant: 

un moyen (17) surveillant Ies battements car- 
diaques auriculaires; 

un moyen (10) developpant une fr6quence/un 
intervalle cardiaque auriculaire moyen (AAR) a 
partir des battements cardiaques auriculaires 
suocessifs; 

au moins un capteur physioiogique (21) detec- 
tant Ies demmandes physiologiques de debit 
cardiaque d'un patient et fournissant un signal 
de sortie de capteur en reponse a celles-ci; 
un moyen (ACSR) d6veloppant une fr6- 
quence/un intervalle de stimulation relatif au 
capteur a partir dudrt signal de sortie du cap- 
teur; 

un moyen (10) etablissant une limite de fre- 
quence de stimulation superieure commandee 
par capteur (SURL) afin de stimuler suivant 
ledit mode au moins de stimulation supplemen- 
taire; 

un moyen (10) etablissant une limite de fre- 
quence de stimulation superieure synchrone 
auriculaire (AURL) afin de stimuler selon ledit 
mode de stimulation synchrone auriculaire; 
un moyen (10) etablissant une limite de fre- 
quence de stimulation inferieure (LRL); 
un moyen (10) etablissant une premiere fbnc- 
tion de commutation de mode definissant un 
premier ensemble de valeurs de fre- 
quence/intervalle de stimulation auriculaire 
moyenne relatives au capteur, corretees, dans 
lequel Ies valeurs f r6quence/intervalle relatives 
au capteur dans ledit premier ensemble de 
valeurs correlees d#inissent des frequences 
de stimulation superieures aux valeurs de la 
frequence auriculaire moyenne, correlees avec 
celles-ci par une premiere fonction program- 
mable des deux frequences (f(A-S) n ); 
un moyen (10) etablissant une deuxieme fonc- 
tion de commutation de mode definissant un 
deuxieme ensemble de valeurs fre- 
quence/intervalle de stimulation auriculaire 
moyenne et relatives au capteur, correlees. 
dans lequel Ies valeurs frequenceAntervalle 
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auriculaire moyennes dans ledit deuxieme 
ensemble de valeurs conretees def inissent une 
frequence de stimulation superieure aux 
valeurs de frequence relatives au capteur cor- 
reiees a celles-ci par une deuxieme fonction 
programmable des deux frequences (ffS-A)^; 
un moyen comparant periodiquement les 
valeurs frequence /intervalle auriculaire 
moyennes et relatives au capteur aux premiere 
et deuxieme valeurs de fonction de commuta- 
tion de mode; 

un moyen (23, 25) faisant fonctionner ledit sti- 
mulateur selon ledit mode synchrone auricu- 
laire, a travers la plage de valeurs 
frequence/intervalle possibles entre fadrte 
limrte de frequence de stimulation inferieure 
(LRL) et ladrte limite de frequence de stimula- 
tion superieure auriculaire, aussi longtemps 
que les valeurs frequence/intervalle auriculaire 
moyennes et relatives au capteur concouran- 
tes ne tombent pas a I'exterieur des premiere 
et deuxieme fonctions de commutation de 
mode;et 

un moyen (23, 25) faisant fonctionner ledit sti- 
mulateur suivant ledit au moins un mode de sti- 
mulation supplemental reagissant a la 
frequence, a travers la plage de valeurs possi- 
bles frequence/intervalle entre ladite limite de 
frequence de stimulation inferieure et ladite 
limite de frequence de stimulation superieure 
commandee par capteur, aussi longtemps que 
les frequences/intervalles auriculaires moyen- 
nes et relatives au capteur concourantes tom- 
bent a I'exterieur d'un espace de commande 
dans un diagramme ASCR-AAR, I'espace de 
commande etant defini comme i'espace entre 
les premiere et deuxieme fonctions de commu- 
tation de mode. 

2. Appareil selon la revendication 1 , caracterise en ce 
que ledit au moins un mode de stimulation supple- 
mentaire reagissant a la frequence comprend des 
premier et deuxieme modes de stimulation reagis- 
sant a la frequence, ledit appareil comprenant en 
outre: 

un moyen faisant fonctionner ledit stimulates 
suivant ledit premier mode de stimulation rea- 
gissant a la frequence quand ies valeurs fre- 
quence/intervalle relatives au capteur 
definissent des frequences de stimulation 
superieures aux valeurs frequence/intervalle 
auriculaire moyennes concourantes et les 
valeurs frequence/intervalle auriculaire moyen- 
nes et relatives au capteur concourantes com- 
bant dans I'espace au-dessous de la premiere 
fonction de commutation de mode; et 
un moyen faisant fonctionner ledit stimulates 
suivant ledit deuxieme mode de stimulation 



reagissant a la frequence quand les valeurs 
frequence/intervalle relatives au capteur defi- 
nissent des frequences de stimulation inferieu- 
res aux valeurs frequence/intervalle auriculaire 
5 moyennes concourantes et lesdites valeurs fre- 

quence/intervalle auriculaire moyennes tom- 
bant dans I'espace au-dessus de la deuxieme 
fonction de commutation de mode. 

io 3. Appareil selon la revendication 1 ou 2, caracterise 
en ce que ledit mode de stimulation synchrone auri- 
culaire est le mode de stimulation ODD. 

4. Appareil selon les revendications 2 ou 3 prise en 
75 combinaison avec la revendication 2, caracterise 

en ce que lesdrts premier et deuxieme modes de 
stimulation reagissant a la frequence sont les 
modes de stimulation DDIR et WIR, respective- 
ment. 

20 

5. Appareil selon la revendication 1 ou 2, caracterise 
en ce que ledit au moins un mode de stimulation 
synchrone auriculaire est le mode de stimulation 
DDD et en ce que ledit mode de stimulation supple- 

25 mentaire reagissant a (a frequence comprend le 
mode de stimulation WIR. 

6. Appareil selon la revendication 1 ou 2, caracterise 
en ce que ledit au moins un mode de stimulation 

30 synchrone est le mode de stimulation DDD et en ce 
que ledit mode de stimulation supplemental rea- 
gissant a la frequence comprend le mode de stimu- 
lation DDIR. 

35 7. Appareil selon Tune quelconque des revendications 
precedentes comprenant en outre: 

un moyen (20, 22) programmant a distance les 
valeurs des premiere et deuxieme fonctions de 

40 commutation de mode et 

un moyen (20, 22) programmant a distance les 
valeurs de la limite de frequence de stimulation 
superieure synchrone auriculaire et comman- 
dee par capteur et de la limrte de frequence de 

45 stimulation inferieure. 

8. Appareil selon Tune quelconque des revendications 
precedentes comprenant en outre: 

so un moyen faisant fonctionner ledit stimulates 

suivant des modes de transition de frequence 
de stimulation af in d'eviter les variations bruta- 
les de frequence de stimulation entre les fre- 
quences de stimulation relatives au capteur et 

55 auriculaires moyennes tors de la commutation 

des modes de stimulation, comprenant un 
moyen incrementant ou decrementant progres- 
sivement les frequences de stimulation suivant 
lesdits modes de transition jusqu'a ce que la 
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fr6quence/Tintervalle de stimulation corres- 
ponde k une frequence relative au capteur ou 
auriculaire moyenne. 

Appareil selon I'une quelconque des revendications s 
pr6c6dentes, caract§ris6 en ce que ladite limhe de 
frdquence de stimulation sup6rieure synchrone 
auriculaire et ladite limite de frequence de stimula- 
tion supSrieure command6e par capteur d6finis- 
sent des frequences qui different w 
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FIG. 4 
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FIG. 5 
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